Water quality of the Nansi Lake drainage area has caused great concern due to the construction of the China's South-to-North Water Transfer Project. In order to investigate the effects of the "treating", "using" and "protecting" comprehensive management measures and strategies of the Nansi Lake drainage area, accumulating complete and precious water quality data before water transfer and carrying out the Nansi Lake water quality spatial distribution monitoring work are imperative. Using grid distribution method, remote sensing image covers technology and GPS satellite positioning system, meanwhile also combining the local survey of lake area covering type, we determined two sets of monitoring point locations of the in-lake area and the estuarine into the lake, then set up the monitoring plan as: the hydrology monitoring elements such as water depth and flow rate of estuary; 11 water quality monitoring objects as water temperature, pH, CODCr, NH3-N, T-P, T-N, CODMn, transparency, conductivity, SS and chlorophyll-a; 9 sediment monitoring objects including organic matter, total nitrogen, total phosphorus, Cr, Cu , Pb, As, Cd and Hg; as well as the methods of sample collection, storage, transportation and data analysis. This Nansi Lake water quality spatial distribution plan has been revised and improved for four times since first setting up and well explains the factors need to be considered in lakes water quality spatial distribution monitoring work. It provides a set of good technical solutions for other similar lakes' water quality spatial distribution monitoring planning.
Introduction
Nansi Lake is the largest freshwater lake in Shandong province. It is the most important water delivery channel and storage lake of the country's South-to-North Water Transfer Project. The project will formally start to deliver water in 2013 with the request that the water delivery trunk line's water quality keeps the standards of the "Surface water environment quality standards" by the end of 2012. In order to investigate the effects of the "treating", "using" and "protecting" comprehensive management measures and strategies of the Nansi Lake drainage area, complete and precious water quality data before water transfer is gathered.
Water quality conditions estimation and major water environment problem diagnosis research of Nansi Lake are also carried out. This work provides on-site measurement data for determining the parameters of the water quality mathematical model of Nansi Lake and proves the model validation. It also provides scientific basis both for classifying the level of Nansi Lake's water pollution in order of precedence for different regions, diagnosing of pollution accident and choosing comprehensive control methods to ensuring water quality of delivery.
We have already carried out the water quality spatial distribution monitoring of Nansi Lake for four times under the organizational leadership of Shandong Provincial Environment Protection Office. These four projects were at the end of fall 2006, end of spring 2007, early winter 2010 and end of spring 2011. In this paper, based on these four projects' progresses and the revision and improvement during them, we revealed the factors need to be considered in lake water quality spatial distribution monitoring and set forth a planning technique of lake water quality spatial distribution monitoring from the view of monitoring points choosing, monitoring objects and monitoring progress. It provides a set of good technical solutions for other similar lakes' water quality spatial distribution monitoring planning.
Overview of Nansi Lake Drainage Area
Nansi Lake locates in the west of Yi-shu-si Rivers drainage basin, with a total drainage area of 31700 km 2 . From north to south, Nansi Lake is connected together by four lakes: Nanyang Lake, Dushan Lake, Zhaoyang Lake and Weishan Lake. The total area of the lake is 1266 km 2 with 125 km in length from south to north and 5-25 km in width from east to west. The Second-Dam hydro-project which locates in the middle of the Zhaoyang Lake divided the Nansi Lake into the Upper Lake (north part) and the Lower Lake (south part). The area of the Upper Lake is 606 km 2 and for the Lower Lake it is 660 km 2 . The three sides-east, west and north of Nansi Lake undertake 53 rivers' entries from 32 regions (cities and districts) of four provinces: Jiangsu, Shandong, Henan and Anhui. These rivers mostly flow into the Upper Lake, especially Nanyang Lake. Pollutants are brought by rivers to Nansi Lake and because each river's pollution status is different, it leads to large diversity on the contamination levels at different sections of the lake.
Nansi Lake is a shallow lake. The average depth is around 2.0 m in the normal water level case. The Upper Lake's designed impounded level is 34.0 m, accordingly the pondage is 0.924 billion m 3 . The Lower Lake's designed impounded level is 32.3 m before water transfer, the pondage is 0.778 billion m 3 correspondingly. After water transfer begins, the impounded level will be 32.8 m, accordingly the pondage will be 1.084 billion m 3 . In natural conditions, water of the Upper Lake discharges into the Lower Lake passing the Second-Dam, then enters the Zhong Canal through Hanzhuang Canal and Bulao River. However, in the condition of South-to-North Water Transfer, the water goes from the sourth of the Lower Lake and passes the Second-Dam pumping station, then enters the Liangji Canal in the north of the Upper Lake.
During the setting of the Nansi Lake water quality spatial distribution monitoring planning, in the view of time, the main point is that the designed water transfer period of South-to-North Water Transfer Project is from every October to the next May, when it is during the dry season. Therefore, we decided to monitor for two times in November and April. Another two were also carried out four years later for comparative analysis of water quality of Nansi Lake and assessment of improvement. In the view of space, the main point is that the Nansi Lake is long and narrow from south to north. What's more, there are variety distribution ranges such as villages, raised fields and fishpond with canals and weirs cross each other. Reed and other lake lush are flourishing with rapid increasing of aquaculture industry. All these factors make the Nansi Lake's terrain to be extremely complex and its waters quality status is extremely divergent. According to the Technical Guidance of Lakes Water Quality and Reservoirs Sampling [1] , multi-point sampling and preliminary investigation are needed in order to evaluate the inhomogeneity of water quality. Therefore, we have carried out the work of acquisition and analysis of the multi-color remote sensing image of Nansi Lake [2] . Then combining with the on-site survey of lake coverage region types, we confirmed the effective monitoring points location coordinate position.
Monitoring Points Setting and Screening

Preliminary Layout of Sampling Points
In order to comprehensively represent the status and characteristics of Nansi Lake's water quality, grid distribution method [3] is used for the monitoring points setting. Monitoring points in the Upper and Lower Lake are distributed uniformly. The north-south length of each grid is about 3.32 km, while the width from east to west is nearly 3.03 km. The grid area is about 10 km 2 . More sampling points are added in main channel and boundary regions at the meantime to evaluate the impact of traffic on water quality. According to this method, 108 sampling points are set on the planar graph of Nansi Lake preliminarily (58 in the Upper Lake, 50 in the Lower Lake), indexed by the order from north to south and from west to east. On the other hand, 29 sampling points of rivers' estuary are set to evaluate the pollute loads of Nansi Lake causing by inflow rivers and to screen heavy pollution rivers and major pollutants. They are numbered as RC1, RC2, RC3..., distinguishing from those 108 in-lake points mentioned above as 1, 2, 3.... The two sets of preliminary sampling points are 137 in total. We located the longitude and latitude of each point by Global Positioning System (GPS). The layout of sampling points is showed in Figure 1 .
Screening of Sampling Points
Because topography and land utilization status of Nansi Lake are extremely complex, we carried out on-site inspection for all sampling points. It is found that some points locates in villages, platform farmlands or fishponds, while some others are difficult to reach. All these points are not belonging to the range area of transferred water so they are deleted. Therefore, before the first monitoring implementation in 2006, acquisition and analysis of multi-spectrum colored remote sensing image are carried out for real-time analysis of topography, physiognomy, land utilization status, plant distribution etc. It turned out that the locations of preinstall sampling points No. 2, 15, 17, 26, 33, 39, 53, 59, 60, 63, 64, 66, 70, 73, 78, 87, 107, 108 have become land as it was showed in satellite image analysis. Thus we can not get water sample from those points. These invalid points are also shown in Figure 1 .
Then, the number of valid sampling points for Nansi Lake's spatial distribution of water quality monitoring is 90 actually (51 in the Upper Lake, 39 in the Lower Lake). 65 of them can be reached accurately and 18 are in the region of box-net fish farm. The sampling points for these 18 are chosen as the nearest points on the satellite maps. The other 7 points are in the cofferdams, for which the sampling points are those nearest to the lake. As another set, 25 of the 29 sampling points of rivers' estuary can be reached accurately. Then we decided to choose the points which are the nearest ones from estuary for the other 4 as their original locations can not be reached.
Adding Sampling Points
According to the analysis and water quality evaluation results of first monitoring data in 2006, and on the purpose of further figuring out the condition of the Nansi Lake water quality pollution status, we added another eight points to the estuarine sampling set for the second monitoring in 2007. Meanwhile, based on the assessment need of National Water Pollution Control and Treatment Major Science and Technology Projects & Nansi Lake sub-demonstration-project, we added one sampling point to the in-lake set. Then we added one more estuarine sampling point for the third and fourth monitoring in 2010 and 2011, which finally leads the number of in-lake sampling points to 91 and the number of river estuary points to 38. Every revision of monitoring sets is based on the considering of actual reached position during last monitoring. GPS is used to locate the latitude and longitude of actual reached sampling positions, which ensures that the four monitoring data could be gathered and analyzed correspondingly.
Monitoring Objects
Monitoring Objects Selection
Surface water monitoring objects mainly includes organic pollutants, inorganic pollutants, physical indicators and heavy metals. But in the implementation of the monitoring process, the selection of pollution types of monitoring and monitoring objects should base on the actual characteristics of the lake pollution [4] . The objects of water quality spatial distribution for the four monitoring we conduct are listed in Table 1 . Every amendment of monitoring plan and changes in the selection of monitoring objects are based on the last monitoring data analysis and evaluation results of water quality spatial distribution, as well as research needs. Then we made appropriate adjustments to the monitoring points and monitoring objects. -SS represents deleting SS from monitoring objects; Monitoring of heavy metals including lead, cadmium, chromium, copper, arsenic and mercury; + n represents that there are n sampling points need to repeat, refer to continuously taking two samples at the same sample point, in order to characterize water samples with inherent deviation and the error introduced by analysis.
Water Quality Monitoring Objects
According to the historical monitoring data analysis of Nansi Lake, the characteristics of water pollution in its basin are mainly structural pollution; the main excessive factor is COD Cr , NH 3 -N, etc. [5, 6] , and Nansi Lake is already in the situation of different levels of eutrophication. Therefore for the90 sampling points in first monitoring of the lake, water quality monitoring objects includes pH, COD Cr, NH 3 -N, TN, TP, and physical objects includes water temperature, transparency, conductivity, SS, and the hydrological factors as water depth. For the 29 sampling points at the lake estuarine, flow rate is added to the above objects for the comprehensive evaluation of pollution characteristics, pollution causes and pollution load sources of Nansi Lake. Then, 30 of the in-lake sampling points are chosen to measure the chlorophyll a as it is showed in Figure 1 , in order to evaluate the eutrophication status of Nansi Lake.
Based on the need of comprehensive control plan for water environment investigation, problem diagnosis and water quality security of Nansi Lake basin, 37 river estuary sampling points are chosen to add heavy metal monitoring in the second and third monitoring. Monitoring heavy metals include lead, cadmium, chromium, copper, arsenic and mercury. In the third and fourth monitoring, all in-lake and river estuary sampling points have deleted SS monitoring object, and in addition, added the monitoring of COD Mn as Table 1 shows.
Sediment Monitoring Objects
In the purpose of further clarifying the water quality pollution condition of Nansi Lake and the deposition, migration and transformation scales of pollutants, researches have been conducted on the relation between adsorption and release rates between water pollution and sediment pollutants. It will help the evaluation of the sources and reasons of sediment pollutants in Nansi Lake, as well as the potential risk of the sediment pollutants contaminating the water. In the first three monitoring, 30 sediment sampling points, with 27 in lake and 3 for river estuary (Guangfu River, Si River, Baima River) are set as Figure 1 shows. Their indexes are the same as the corresponding ones for water quality sampling at the same location. Sediment samples are taken right below the water quality sampling points, while minimizing the vessel disturbance to the sediment. Sediment monitoring objects include organic matter, total nitrogen, total phosphorus, lead, cadmium, chromium, copper, arsenic and mercury. The uniform distribution of those 27 in-lake sampling points could well represent the sediment pollution characteristics of different regions in the lake and the 3 river estuary sampling points are chosen for 3 representative rivers. In the fourth monitoring, river estuary sediment monitoring points increase from the former 3 to all the corresponding 38 river estuary water quality sampling points while the 27 in-lake sediment sample points remain the same, which in total 65 points.
Monitoring Organization and Implementation
Monitoring Organization
According to the above plan of Nansi Lake water quality spatial distribution monitoring and the weather forecast, we chose 2-3 days as sampling period. Weather and temperature should be as identical as possible and wind speed should be small, so as to make sure the data of different sampling points are based on the same situation. 80 staffs participated in the monitoring, among who 50 were working on on-site sampling, 22 were on quality-control and analysis and the other 8 took response for the samples' transportation and storage and other support.
The monitoring and organizing work includes as follows: (1) Setting up each group's sampling route and sampling points, (2) Grouping all the staff into 6 groups (3 group each for Upper Lake and Lower Lake) and giving one-day primary training before the sampling, (3) Preparing for transport: 10 cars, 12 boats and life vest for every staff, (4) Requirements: ensure the quality, security, time, sampling points location accuracy. For those points locate in purse seine, fishpond and dam so can not be reached, nearest location should be used for sampling and details such as actual sampling location must also be record.
Technology Training
The training focus on the following topics: use of GPS device and identification of aquatic plants, detailed steps of on-site sampling; quality-control of monitoring or quality assurance; standard for technology record. Then all the staff went to Nansi Lake for maneuvers after the training, simulating the entire sampling procedure.
The requirements for the on-site sampling groups are as follows: firstly, being familiar with the use of GPS device; secondly, building in the coordinate position the grid of sampling points; thirdly, well know the on-site working procedures and skills, such as operation of sampling (for both water and sediment samples), use of devices for pH, temperature and conductivity, measuring the water transparency, depth and flow rate, treatment for abnormal conditions, filling in the data form and testing for various objects.
On-site records procedure requirements includes: firstly, photographing the longitude and latitude reads of actual sampling points; secondly, photographing local environmental and ecological status in at least four directions and also other necessary environmental and water quality view; then, recording the sampling procedure and relevant information such as sampling location deviation, monitoring objects, waterway and ships information, large plants and algae, etc. The head of on-site record form for water and sediment sampling for the Nansi Lake's water quality spatial distribution monitoring are as follows (listed in two lines): 
Preparation of Materials and Equipment
Mass of various materials and equipments are needed for sampling, including portable GPS locator, digital cameras, water and sediment sampler, large sample bottles, preservation bottles for COD Cr , ammonia, total nitrogen, total phosphorus samples, suspended matter and chlorophyll-a samples, portable pH tester, portable conductivity tester, Secchi disk, thermometer, calibrated depth measure line or pole, sample saving box, sulfuric acid, standard solution for pH and conductivity tests, record form, labels, tape and waterproof pen, ice refrigerator saving box and other facilities used for sampling and preserving samples.
Collection, Preservation and Transport of Samples
The sampling boats were, and must be anchored downstream of the sampling location when we got the location by GPS and took photo record, in order to prevent stirring the sediment and contaminating the sample. As the Nansi Lake is a typical shallow lake with average depth about 2.0 m, only set one sampling point 0.5 m under the water is set in depth for water quality sampling. Excavator sediment sampling device is used for sediment sampling in deeper cases while metal cans involved in shallower cases. Sundries in the sample such as shell, gravel, animal and plant residues were picked out and the sample were drained as much as possible [7] . Each sample weights 2 Kg and was put in brown grinding mouth glass bottles named by sample ID tags. It must be ensured that the bottle mouth is clean away from mud so the ground glass stopper seals bottle tightly. Ecological and environmental conditions surrounding the sampling point were photoed while sampling, including alga and ships status. Other information as deviation from setting point, sediment color, smelling and biological phenomena are also recorded.
The preservation and transportation of water and sediment samples were according to the Water and Wastewater Monitoring Method [8] . All the water and sediment samples were sent to the command center within the sampling day for cold storage with temperature below 4°C.
Monitoring and Analysis of Samples
All the samples should be analyzed within the valid period. pH, conductivity, water temperature, depth, flow rate were measured on-site. Chlorophyll-a should be tested within 48 hours after collection. The rest of the objects should be analyzed within one week after collection. The analysis of samples was based on the national standard.
The entire sample test process was based on the requirements of quality assurance and quality control and related national technical standard. Collecting parallel samples, lab parallel samples, as well as cipher quality control samples are used. All the relative deviation of parallel sample test results and uncertainty of measurement on cipher quality control samples should meet quality control requirements.
Conclusions
The planning for monitoring of the Nansi Lake water quality spatial distribution is a demonstration for planning real-time synchronous monitoring of large lake's water quality and the entered water quantity. The plan has been successfully implemented for 4 times, which provide strong scientific support for both revealing water pollution status, characterizing the two dimensional distribution of critical water quality objects, analyzing the main sources of Nansi Lake's pollutant, diagnosing the major environmental issues of water, carrying out model parameter calibration of Nansi Lake's water quality, investigating the effects of the Lake area implementation "treating", "using" and "protecting" comprehensive management measures and strategies, and formulating comprehensive control scheme of Nansi Lake's water quality security in the South-to-North Water Transfer Project. The planning explains the factors need to be considered in water quality spatial distribution monitoring of lake from 3 sections and 11 aspects of: setting and selection of the monitoring sites, choosing monitoring objects and monitoring organization and implementation. It provides a set of good technical solutions for other similar lakes' water quality spatial distribution monitoring planning.
